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(57) Abstract 



An apparatus conserves oxygen delivered from a supply (28) to a patient through a cannula (44) by providing oxygen delivery 
selectively in accordance with the physiological requirements and current breathing pattern of the patient. Oxygen flow is set at a prescribed 
flow rate from the supply by a regulator (30). An oxygen conserving unit (38) includes a controller (64) that operates responsive to timed 
relationships among pressure signals determined by a fussy logic program to deliver oxygen to the patient by opening a valve (72) when a 
sensed pressure in the patient's nasal passage reaches a threshold level and when the controller determines that die reaching of the threshold 
is indicative of an inhalation cycle. The controller is further operative to adjust the time period that oxygen is deliveied to die patient in 
accordance with a programmed relation to meet the dynamically changing needs of the patient. The apparatus further includes features 
which provide fast response, conservation of the energy from a battery power source (86) and both visual and audio indicators (54, 56) to 
provide indications of alert and alarm conditions. TTie apparatus further provides control by the user through a single manually actuated 
switch (52), and mechanical interconnection with the switch and valve to assure continuous flow when the switch is set to a continuous 
flow setting. 
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Supplemental Oxygen Delivery Apparatus and Method 



TECHNICAL FIELD 
This invention relates to devices and methods for delivering supplemental 
oxygen to patients who suffer from respiratory conditions. Specifically, this 
invention relates to an apparatus and method for conserving a supply of oxygen 
5 while providing a patient with a therapeutic equivalent of a continuous flow of 

oxygen. 

BACKGROUND ART 
Persons with certain respiratory conditions receive therapeutic benefits from 
having supplemental oxygen delivered to their respiratory passages while 
10 breathing air from the atmosphere. This supplemental oxygen serves to increase 

the amount of oxygen delivered to the patients body tissue through the blood 
stream. This is accomplished because the supplemental oxygen increases the 
patient's SaOj level which is the measure of oxygen saturated hemoglobin in the 
blood. 

15 The conventional approach to providing supplemental oxygen to a patient is 

schematically shown in Figure 1. This prior art system generally designated 10, 
includes a supply of oxygen 12. In the embodiment shown, the supply is a 
portable oxygen supply such as a pressurized oxygen bottle. A flow rate 
controlling regulator 14 is positioned on the supply 12 and is in fluid 

20 communication therewith. Regulator 14 may be a pressure compensated 

regulator of the type known in the prior art which includes an adjustment 
member 16 thereon. Adjustment member 16 is adjustable to change the rate of 
flow from the supply into an oxygen delivery line 18. Oxygen delivery line 18 is 
in fluid communication with a cannula 20. Cannula 20 includes a pair of 

25 passages 22 each of which communicates with a nasal passage 24 of a patient 

which is shown in phantom. In conventional oxygen therapy the physiological 
characteristics of the patient are studied to determine a continuous flow rate of 
supplemental oxygen that proves beneficial to the patient. Regulator 14 is set to 
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deliver this prescribed flow rate by positioning adjustment member 16. The 
oxygen is continuously delivered at this prescribed flow rate through the 
cannula 20 to the patient's nasal passages. 

A drawback associated with conventional oxygen therapy is that the patient 
5 only benefits firom the supplemental oxygen during times in the respiratory 

cycle when the patient is inhaling in a manner which enables the supplemental 
oxygen to reach the lungs. At other times the supplemental oxygen delivered is 
of no benefit, and is lost. 

Continuous delivery of oxygen presents a drawback when the patient is 
10 using a portable oxygen supply with a limited capacity. When oxygen is 

delivered continuously the time period the patient may use the portable oxygen 
supply is limited to the capacity of the supply divided by the prescribed flow 
rate. The capacity available fi-om a reasonably sized oxygen bottle or other 
supply may not enable a patient to use a single portable supply for as long as 
.1 5 would be desirable. 

Others have previously developed oxygen conserving devices to extend the 
time that a patient may receive oxygen before depleting a supply. These prior 
approaches generally have drawbacks. 

Certain oxygen conserving devices attempt to deliver a fixed pulse of 
20 oxygen to a patient at the start of inspiration in each respiratory cycle. 

However, as a patient's activity level increases, the fixed pulse of oxygen may 
be insuflGcient to maintain the patient's blood oxygen level. The patient may 
have a tendency to desaturate, meaning that their SaOj level falls below a 
patient's requu^ed oxygen saturation level. 
25 As a patient's exertion level changes, breathing patterns may also change. 

Prior oxygen conserving devices rely for their beneficial affect on detecting the 
beginning of a patient's inhalation or inspiration during each respiratory cycle. 
Because breathing patterns can become irregular, prior devices ofl:en fail to 
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properly detect the optimum point in the respiratory cycle for the delivery of 
the supplemental oxygen. This can result in desaturation of the patient's blood 
oxygen level because oxygen is being delivered at inappropriate times. Often 
during irregular breathing prior devices deliver pulses of oxygen at a frequency 
5 that is much higher than the actual breathing rate of the patient. Much of the 

supplemental oxygen can be wasted when the breathing pattern becomes 
irregular. 

Certain previously developed supplemental oxygen delivery devices deliver a 
burst of oxygen into a patient's nasal passages when a patient begins to inhale. 
10 This burst of oxygen is often uncomfortable for the patient. In addition, such 

high flow pulses generally cannot be tailored to the patient's physiological 
requirements or dynamically adjusted to meet the needs of the patient's 
changing activity level or breathing pattern. 

Thus, there exists a need for a supplemental oxygen delivery apparatus and 
15 method that conserves oxygen while providing the patient with a therapeutic 

equivalent of continuous oxygen flow, and which overcomes the drawbacks 
associated with prior conserving devices, 

DISCLOSUR E OF INVRNTTON 
It is an object of the present invention to provide an apparatus for delivering 
20 supplemental oxygen to a patient. 

It is a ftirther object of the present invention to provide an oxygen 
conserving apparatus. 

It is a fiirther object of the present invention to provide an oxygen 
conserving apparatus that provides a patient with a physiological equivalent of 
25 continuous oxygen flow at a prescribed rate. 

It is a fiirther object of the present invention to provide an oxygen 
conserving apparatus that extends the time that a portable oxygen supply may 
ht used by a patient. 



wo 98/18513 



PCT/US97/19410 



-4- 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that more accurately meets the physiological 
requirements of a patient. 

It is a further object of the present invention to provide an oxygen 
5 conserving apparatus that is more comfortable for a patient to use. 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that more accurately delivers oxygen at a therapeutically 
beneficial point in a patient's respiration cycle. 

It is a further object of the present invention to provide an oxygen 
10 conserving apparatus that is reliable, portable, compact and easy to operate. 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that provides an indication of its proper operation. 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that provides an indication of a condition of its battery 
1 5 power source during each respiration cycle. 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that provides an indication if it is not properly sensing a 
patient's respiration. 

It is a further object of the present invention to provide an oxygen 
20 conserving apparatus which defaults to a fail safe mode in which oxygen is 

continuously supplied to a patient. ' 

It is a further object of the present invention to provide an oxygen 
conservmg apparatus that may be changed between a conserve mode and a 
mode in which continuous prescribed flow is provided, by movement of a 
25 single manually actuated switch. 

It is a further object of the present invention to provide an oxygen 
conserving apparatus that when manually changed to the continuous flow 
mode, mechanically assures that flow therethrough is enabled. 
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It is a further object of the present invention to provide an oxygen 
conserving apparatus that detects and indicates irregularities in a patient's 
respiration. 

It is a further object of the present invention to provide a method for 
5 delivering supplemental oxygen to a patient. 

It is a further object of the present invention to provide a method for 
delivering supplemental oxygen to a patient while conserving oxygen delivered 
fi"om a supply. 

It is a fiirther object of the present invention to provide a method for 
10 delivering supplemental oxygen to a patient through an oxygen conserving 

device which tailors the amount of oxygen delivered to the patient to the 
patient's physiological requirements and changing oxygen needs. : 

It is a further object of the present invention to provide a method for 
delivering supplemental oxygen to a patient that more reliably delivers oxygen 
15 at times during respiration cycles when the supplemental oxygen provides 

greater therapeutic benefits. 

It is a further object of the present invention to provide a method for 
delivering supplemental oxygen to a patient through a conserving apparatus 
that is easy to use, indicates proper operation, indicates irregular conditions in a 
20 patient's respiration, and which defaults to a fall safe condition. 

Further objects of the present invention will be made apparent in the 
followmg Best Modes for Carrying Out Invention and the appended claims. 

The foregoing objects are accomplished in a preferred embodiment of the 
present invention by an oxygen conserving apparatus and method which 
25 delivers oxygen from an oxygen supply to a nasal passage of a patient. The 

apparatus operates to conserve oxygen to extend the life of the supply while 
providing the patient with therapeutic benefits comparable to a continuous flow 
of oxygen. 
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, The conserving apparatus includes a sensing passage which is fluidly 
connectable to a nasal passage of a patient. The apparatus further includes a 
delivery passage separated from the sensing passage and which is also fluidly 
connectable to the nasal passage of the patient. The apparatus includes a 
5 pressure sensor which senses a sensed pressure in the sensing passage. The 

pressure sensor communicates with a controller which receives signals from the 
pressure sensor and controls the operation of other components of the 
apparatus. 

The apparatus ftirther includes a valve. The valve has an inlet which is 

10 fluidly connectable to a flow regulated oxygen supply. The valve further 

includes an outlet. The valve outlet is fluidly connectable to the delivery 
passage to enable the delivery of oxygen to the patient's nasal passage. 

A flow rate controlling regulator is fluidly connected between the o^tygen 
supply and the valve inlet. The flow rate controlling regulator is set to a 

1 5 prescribed rate of continuous flow established as providing the optimum 

therapeutic benefit for the patient When the valve is in an open condition 
oxygen is delivered at the prescribed flow rate to the delivery passage and the 
patient. When the valve is in the closed condition the flow of oxygen to the 
patient is interrupted. ' 

20 The pressure sensor senses pressure in the sensing passage which 

corresponds to pressure in the patient's nasal passage during the patient's 
breathing cycles. When the sensed pressure falls, corresponding to inhalation by 
the patient, the controller is operative to open the valve and deliver oxygen at 
the prescribed flow rate to the nasal passage of the patient for a calculated 

25 delivery period. The controller calculates the delivery period responsive to the 

physiological requirements of the patient, as well as the current respiration rate 
and respiration characteristics of the patient. The controller executes a 
computer program including fiizzy logic to minimize the instances where 
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oxygen is delivered in response to negative pressure conditions that are sensed 
in the patient's nasal passage, but which are not the beginning of an inhalation 
cycle. 

The oxygen conservation apparatus further includes a visual indicator which 
5 indicates each delivery of oxygen to the patient. The apparatus further includes 

an audio indicator, which along with the visual indicator, is controlled by the 
controller to indicate when the apparatus has ^ed to sense inhalation by the 
patient for a first time period which is excessive. Upon the apparatus filing to 
sense inhalation for a further time period, the controller is operative to open the 

10 valve to provide continuous flow. 

The conserving apparatus of the preferred embodiment is battery powered. 
If battery power is low, the visual indicator gives a visual indication of such 
battery power each time oxygen is delivered. 

The preferred embodiment fiirther achieves rapid response to the controller 

1 5 providing a signal to open the valve when oxygen is to be delivered. This is 

achieved by delivery of an overdrive signal to the solenoid of the valve which 
causes it to change rapidly to the open condition. However, after the valve has 
opened, battery power is conserved through pulse width modulation of the 
signal to the solenoid of the valve, 

20 In the preferred embodiment of the invention operation of the apparatus by a 

user is controlled through a single manually actuated switch. Movement of the 
switch changes the device between a conserve mode and a continuous flow 
mode. When the apparatus is changed to the continuous flow mode, assurance 
of flow is provided through a mechanical connection or linkage between the 

25 manually actuated switch and the valve. The mechanical connection ensures 

that the valve is in the open condition, regardless of the condition of the battery 
power source of the apparatus. 

BRIEF DESCRIPTION OF DRAWINGS 
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Figure 1 is a schematic view of a conventional continuous flow supplemental 
oxygen supply system known in the prior art. 

Figure 2 is a schematic view of a supplemental oxygen supply system 
including the oxygen conserving apparatus of a preferred embodiment of the 
5 present invention. 

Figure 3 is an electrical and control logic schematic of the oxygen 
conserving apparatus of the preferred embodiment of the present invention, 

Figure 4 is a graph representing the variation in pressure in a nasal passage 
of a patient as a function of time during a respiration cycle. 
10 Figure 5 is a graph representing the variation in pressure in a nasal passage 

of a patient as a function of time during a further respiration cycle. 

Figure 6 is a graph showing variation in a pressure signal within the 
conserving apparatus corresponding to the respiration cycle shown m Figure 5. 
Figures 7, 8 and 9 are a flow chart schematically representing steps in a 
15 computer program executed by a controller of the oxygen conserving apparatus 

of the present invention. 

Figure 10 is a graphical representation of voltage as a fonction of time for a 
power signal used to open a valve in the present invention and to maintain the 
valve in the open condition. 
20 Figure 1 1 is a schematic view of the valve of the present invention and a 

manually actuated switch in a first switch position, wherein said valve is 
enabled to open and close. 

Figure 12 is a schematic view of the valve shown in Figure 1 1 wherein the 
manually actuated switch is in a second position wherein said valve is 
25 mechanically held in an open condition. 

BEST MODES FOR CARRYING OUT INVENTION 
Referring now to the drawings and in particular to Figure 2, there is shown 
therein a system generally indicated 26 comprising an oxygen conserving 
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apparatus of a preferred embodiment of the present invention. The system 
comprises an oxygen supply 28, which in the preferred embodiment of the 
invention is a portable oxygen supply such as a pressurized oxygen bottle. Of 
course in other embodiments other forms of oxygen supplies may be used, 
5 including non-portable supplies. 

Oxygen supply 28 is in fluid communication with a flov/ rate controlling 
regulator 30. 

In the preferred form of the invention regulator 30 is a pressure 
compensated regulator capable of delivering up to about ten liters of oxygen 

10 per minute at about 80 psi. Examples of regulators suitable for use in the 

preferred form of the invention include Models XR-3000 and XA-2800 
manufactured by the Western Enterprises Division of the Scott Fetzer 
Company Inc. Regulator 30 includes a flow setting adjustment member 32. 
Adjustment member 32 may be manually adjusted to provide flow firom the 

15 oxygen supply 28 at a prescribed flow rate for a patient. 

Oxygen is delivered fi-qm the regulator 30 through a supply line 34. Supply 
line 34 is connected to an inlet 36 of the conservation unit 38. Unit 38 fiirther 
includes an outlet 40. Outlet 40 is in fluid communication with a delivery 
passage 42, which is connected to a cannula 44. Cannula 44 includes a pair of 

20 cannula passages 46 each of which is in fluid communication with a nasal 

passage of a patient during operation of the system. 

Cannula 44 is fijrther in communication with a sensing passage 48. Sensing 
passage 48 fluidly extends to a sensing port 50 on the unit 38. 

In the preferred form of the invention, cannula 44 is a dual cannula wherein 

25 the sensing passage 48 and delivery passage 42 are fluidly separated throughout 

the cannula. Although in the described embodiment a dividing wall type 
cannula is shown, it should be understood that in other embodiments other 
types of dual cannulas, including coaxial tube types, may be used. This design 
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enables the sensing passage and delivery passage to both be in fluid 
communication with the nasal passage of the patient at all times during the 
operation of the apparatus. 

The unit 38 further includes a manually actuated switch 52. In the preferred 
5 fonh of the invention, manually actuated switch 52 is a switch that is manually 

moveable between a first switch position wherein the unit operates to conserve 
oxygen, and a second switch position wherein the unit provides continuous 
oxygen flow td the cannula. The single switch operation of the unit which is 
further explained, facilitates use of the present invention by persons who may 

10 be suffering from debilitating medical conditions. 

The unit 38 further includes a visual indicator 54. Visual indicator 54 in the 
preferred form of the invention is a two color LED. The unit 38 further 
includes an audio indicator 56. The audio indicator in the preferred form of the 
invention is a piezoelectric sound emitter or "buzzer". The operation of visual 

1 5 and audio indicators are hereinafter explained in detail. 

An electrical and control logic schematic of the apparatus of the present 
invention including the unit 38 is shown in Figure 3. The sensing passage 48 
from the cannula 44 is in connection through the sensing port 50 with a 
pressure sensor 58 which is housed inside the body of the unit 38. In the 

20 preferred embodiment, of the present invention, the pressure sensor 58 is a 

semi-conductor tj^e pressure transducer which includes a piezoelectric bridge 
circuit. The sensor is operative to provide an analog signal which varies linearly 
responsive to the sensed pressure in the sensing passage 48. 

The analog signal from the pressure sensor 58 is output to an instrument 

25 amplifier 60. Instrument amplifier 60 serves to amplify the analog signals from 

sensor 58. In the preferred form of the invention the instrument amplifier 
provides a gain of about 400. In the preferred embodiment because voltage 
gain is high, there is some risk that external electromagnetic radiation 
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(EMI/RFI) could induce false electrical signals. Therefore, to reduce 
interference a low pass filter is provided that attenuates signals with fi-equencies 
greater than 35 Hertz. 

The conditioned analog pressure signals fi"om instrument amplifier 60 are 
5 delivered to an analog to digital (AID) converter 62. AID converter 62 receives 

the analog signals and outputs corresponding digital signals. In the preferred 
embodiment AID converter 62 is an eight bit successive approximation 
converter. 

The digital pressure signals produced by the pressure signal generating 

10 ^ apparatus comprised of the sensor, instrument amplifier and AID converter, is 
delivered to a micro controller 64. Micro-controller 64 includes a processor 
which executes computer programs and serves to control the operation of other 
components within the unit 38. 

Micro-controller 64 is in operative connection with a memory 66 that stores 

1 5 the computer programs which are executed by the micro-controUer. In the 

preferred embodiment of the invention, memory 66 is a firmware memory. 

Micro-controller 64 is also in operative connection with a decoder 68. The 
decoder serves as a communications interface and is used by the micro- 
controller to address other semi-conductor components within the unit 38. 

20 The micro-controller is also in operative connection with the visual indicator 

54 in the preferred form of the invention. Visual indicator 54 is a bi-coldr light 
emitting diode (LED). In the preferred form of the invention, the LED is 
selectively controlled to flash either red or green. The micro-controller 64 is 
also in operative connection with the audio indicator 56. 

25 Micro-controller 64 is also in operative connection with an input device 

schematically indicated 70. Input device 70 enables a variable input value to be 
input to the micro-controller. In the embodiment shown, the input device 
includes a pair of manually selectable dip switches. These dip switches are 
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housed within the body of the unit 38, but may be accessed and manually 
changed by a medical technician when necessary. 

The input device 70 is operative to provide an input value which is 
representative of a percentage of the patient's inhalation cycle that oxygen is to 
5 be delivered. In the embodiment of the invention shown, the four possible 

switch settings are used to set the oxygen delivery time at a value ranging from 
30 to 80 percent of the patient's inhalation cycle. The particular physiological 
needs of the patient determine the setting that is appropriate for input device 
70. It should be understood that in other embodiments of the invention, other 

10 types of input devices that are capable of receiving a variable input value, 

which is representative of the amount of oxygen that should be delivered to the 
patient, may be used. 

The unit further includes a valve 72. Valve 72 includes a valve inlet 74 
which is in fluid communication with the inlet 36 to the unit 38, Valve 72 also 

1 5 includes a valve outlet 76 which is fluidly connected to the outlet 40 of the unit 

and the delivery passage 42 which delivers the oxygen to the cannula 44. 

In the preferred form of the invention, valve 72 is a two-condition solenoid 
actuated valve. In a jSrst valve condition, flow from the oxygen supply 28 to the 
cannula 44 through the valve is prevented. This is represented by the schematic 

20 of the valve 72 shown in Figure 3. In a second condition of the valve, oxygen is 

enabled to pass through the valve to the cannula. Valve 72 changes from the 
first condition to the second condition responsive to the delivery of a drive 
signal to a solenoid 78 of the Valve 72. 

The drive signal is provided to the solenoid from a drive amplifier 80. The 

25 drive amplifier is operative responsive to signals from the micro-controller 64 

to provide a drive signal which is suitable for energizing the solenoid 78 and 
changing the valve from the first condition to the second condition in which 
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oxygen is delivered to the cannula. The valve changes from the second 
condition to the first condition when the drive signal is discontinued. 

In the preferred form of the invention, solenoid 78 has a power rating which 
is the recommended power needed to change the condition of the valve. As 
5 later discussed, in the preferred embodiment of the invention, the controller 64 

and drive amplifier 80 are operative to overdrive the solenoid which causes it 
to open more quickly. After the valve is open, the controller is operative to 
pulse width modulate the overdrive voltage in a manner which is sufficient to 
hold the solenoid in the second condition. This reduces the amount of power 
10 required to hold the valve in the open condition. 

A mechanical linkage, schematically indicated 82, is also operatively 
connected to valve 72. As later discussed, mechanical. linkage 82 is operatively 
connected to manually actuated switch 52 on the unit. The mechanical linkage 
82 is operative in a second switch position to mechanically cause components 
15 of the valve to be moved so the valve is in the second condition and held 

therein. This assures that the full prescribed flow of oxygen set at the regulator 
30 flows to the patient through the cannula when the manual switch 52 is in the 
second switch position. 

The manually actuated switch 52 is also operative to change the condition of 
20 an electrical switch 84. A battery power source, schematically indicated 86, is 

positioned inside the housing of unit 38. Electrical switch 84 is operative in the 
first position of manual switch 52 to connect battery power source 86 to the 
micro-controller and the other electrically operated components within the unit. 
In a second position of manually actuated switch 52 in which valve 72 is 
25 mechanically moved to the open condition, electrical switch 84 is operative to 

electrically disconnect the battery from the other components of the unit. In the 
preferred form of the invention, the battery power source is a pair of 1.5 volt 
AA size batteries. 
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In the closed condition of electrical switch 84 the battery power source 86 is 
connected to a- DC to DC converter 88, The converter 88 operates to convert 
the battery voltage to a higher fixed voltage level. In the preferred embodiment, 
the DC to DC converter is operative to increase battery supply voltages of 
5 from 1 .7 volts to 3.6 volts to a 5 volt level, which is optimum for the operation 

of the electrical components of the system, 

DC to DC converter 88 is in operative connection with a low battery 
condition detection device 90. Low battery detection device 90 is in operative 
connection with the controller 64, and is operative to provide a "low battery" 
10 signal if the voltage level from the battery power source 86 to the DC to DC 

converter falls below a set level. As later discussed in detail, controller 64 
operates responsive to a "low battery" signal from low battery detector 90 to 
cause the bi-color LED, which comprises the visual indicator 54, to "flash red" 
each tune the valve 72 delivers oxygen. This red flash of the LED indicates to 
15 the patient that the battery condition is low. The controller is operative to cause 

the LED to "flash green" each time the valve is opened when the battery 
voltage is above the set level. 

The unit 38 also includes therein an AC to DC converter 92. The AC to 
DC-converter operates to disconnect the battery power source 86 from the 
20 other components of the system and supply power at a suitable DC voltage to 

the components of the system. Converter 92 enables a patient to operate the 
system from an AC power source such as 110 volt house current to prolong 
battery life, as well as during battery replacement. 

During operation of the apparatus of the present invention, each passage 46 
25 of cannula 44 i& extended into a nasal passage of a patient. As the patient 

breathes, pressure sensor 58 senses the variations in pressure in the sensing 
passage 48 which are caused by the patient's respiration. Each time the patient 
inhales a negative pressure is sensed by the pressure sensor. Likewise, each 
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time the patient exhales, a positive pressure is sensed by the pressure sensor. 
These variations in pressure occur repeatedly during each respiration cycle. 

Respiration cycles may vary dramatically in rate and character depending on 
the condition and activity level of the patient. There is also generally a dwell or 
5 rest time between respiration cycles during which the patient is neither inhaling 

or exhaling. In addition, due to irregular breathing, coughing, talking, and other 
activities, a patient may exhibit respiration cycles which include two or more 
distinct inhalation periods before an exhalation cycle, or vice versa. These many 
possible variations of respiration cycles present challenges in attempting to 

1 0 provide supplemental oxygen to a patient at a point in their respiration cycle 

which provides optimum therapeutic benefit. 

Variations in pressure sensed by the pressure sensor 58 as a fimction of time 
during a sample respiration cycle is graphically shown in Figure 4. As the 
patient inhales, a negative pressure shown in Figure 4 as above the zero line is 

15 generated. This period of negative pressure 94 represents an inhalation cycle of 

the patient. When the patient stops inhaling, the sensed pressure falls to zero 
and then rises to a positive pressure during an exhalation cycle 96. As the 
patient finishes exhaling, the positive pressure moves back towards the zero 
pressure line and generally remains for a dwell time until the patient begins 

20 another inhalation cycle. 

In the preferred form of the present invention, the apparatus is operative to 
sense when the sensed pressure reaches and drops below a threshold level 
which is indicated 98 in Figure 4. In accordance with the invention, a quantity 
indicative of the time that the sensed pressure has reached and is below the 

25 threshold level, indicated by Arrow 100 in Figure 4, is measured. In the 

preferred form of the invention the threshold level is set at about negative 0.4 
centimeters of water. The threshold level is set at about this value because it is 
suflSciently disposed firom the zero pressure level to be indicative of an 
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inhalation cycle occurring, while still far enough away from the zero pressure 
level that the unit is not overly sensitive to changes in pressure due to causes 
other than inhalation. 

In the preferred form of the invention, the micro-controller 64 is 
5 programmed to generate intemaUy a digital pressure signal of " 1 " when sensed 

pressure is at or below the threshold. When the sensed pressure is above the 
threshold, the controller 64 produces an internal pressure signal of "0". 

The relationship between the pressure signals produced by the controller 64 
during a patient's respiration cycle is graphically represented in Figures 5 and 6. 

10 Figure 5 shows variations in pressure as a function of time during one 

respiration cycle. During an inhalation cycle 102 the patient's nasal pressure 
drops below threshold level 98, During the time that the sensed pressure is at 
or below the threshold level, the controller produces a continuous signal. As 
the patient's nasal pressure rises above the threshold, and during an exhalation 

15 cycle 104, a "0" signal is produced. 

As later discussed m detail, the crossing of the threshold level by the sensed 
pressure is used by the micro-controller to initiate the opening of valve 72 and 
the delivery of oxygen to the patient, la addition, the controller 64 uses a 
quantity indicative of the time that the sensed pressure is at or below the 

20 threshold during an immediately preceding inhalation cycle to calculate a time 

period that oxygen will be delivered to the patient during the next inhalation 
cycle. 

As shown to the right in Figure 5, the breathing patterns of a patient may 
cause pressure fluctuations which cause the sensed pressure to cross the 
25 threshold level 98 at times which do not represent the beginning of an 

inhalation cycle. Such unpredictable transient fluctuations have the potential for 
causing a supplemental oxygen delivery device to deliver oxygen at times which 
will provide no therapeutic benefit to the patient. 
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In the preferred embodiment of the invention, this problem is reduced 
through the use of a fuzzy logic program which operates in controller 64. The 
fuzzy logic program determines whether it is appropriate to deliver oxygen to 
the patient when the sensed pressure falls and reaches the threshold level in 
5 response to a timed relationship among pressure signals. In executing the fuzzy 

logic, the controller 64 calculates a fianction of a quantity which corresponds to 
the elapsed time since the sensed pressure last crossed the threshold level. 
Similarly, the fiizzy logic also considers and calculates a function of a quantity 
which corresponds to the elapsed time since the sensed pressure has been 

10 above the threshold level. Finally, in the preferred embodiment, the controller 

64 also determines whether oxygen should be delivered based on a function of 
the elapsed time since the valve 72 has been open. 

In the preferred embodiment the fuzzy logic program executed by controller 
68 works on the principle of using a plurality of counters to make a decision as 

15 to whether currently existing conditions, when the sensed pressure reaches the 

threshold level, is "more like" the beginning of an inhalation cycle or is "more 
like" a fluctuation during an exhalation cycle or during a dwell or rest period. 
The controller senses and counts the pressure signals at the uniform operating 
rate of the processor in the controller 64 as either part of inhalation or as part 

20 of exhalation. If the counts representative of elapsed time have reached levels 

which suggest that the particular occurrence of sensed pressure crossing the 
threshold appears to be the beginning of an inhalation cycle and not a short 
transient fluctuation in pressure, the controller is operative to deliver oxygen to 
the patient for a time period calculated in accordance with its programming. 

25 The operation of the fuzzy logic program executed by the controller 64 is 

shown schematically in Figures 7-9.. From a program start 106 the controller 
first operates to initialize the system in a step 108. In the initialization step the 
controller establishes the appropriate initial values in the counters, sets . 
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parameters and the like. 

After the system is initialized the controller is operative in a step 1 10 to read 
the input value from the input device 70. As previously discussed, in this 
preferred embodiment the input device is manually changeable between four 
5 values which span a range from 30% to 80% of a time quantity calculated by 

the controller 64. The setting of the input device is based on the physiological 
requirements of the patient which are predetermined through medical testing of 
the patient at various activity levels. The input device is set based on the 
patient's tested ability to absorb oxygen so as to maintain the desired Sa02 
10 level. 

The controller next executes a step 1 12 in which it checks the pressure 
signal from the pressure sensor and pressure signal generating apparatus. The 
controller checks for a zero pressure input based on a zero pressure reference 
value stored in memory. The controller also checks for any signal drift and "re- 

15 zeros" its zero position. Thereafter the controller is operative to set the 

threshold level based on the sensed zero pressure level. As previously 
discussed, in the preferred form of the invention the threshold level is set at 
about minus 0.4 centimeters of water. Of course in other embodiments other 
threshold levels may be used. 

20 The controller next sets the visual indicator 54 which includes the bi-color 

LED, and the audio indicator 56 which includes the piezoelectric buzzer, to the 
"off* condition at a step 1 14. Thereafter at a step 1 16 the controller shuts off 
signals to the drive amplifier 80 which drives the solenoid of valve 72 and sets 
the pulse width modulation control for the signal to "off*. 

25 The controller then reads the signal from the low battery detector 90 at a 

step 118. Although not shown in the flow chart in Figure 7, if the battery is 
found to have a low vohage in step 118, the visual and audio indicators may be 
actuated to indicate to the patient that the battery needs replacement. 
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Alternatively other indicators of this condition may be provided. In the 
embodiment shown the low battery condition is indicated through the LED 
flashing red each time the valve 72 is opened as hereinafter discussed. 

The controller 64 is operative to generate internally a pressure signal of " 1 " 
5 when the sensed pressure at the sehor 58 is at or below the threshold level. The 
controller is also operative to provide an internal pressure signal of "0" when 
the sensed pressure is above the threshold level. At a step 120 the controller 
reads the pressure signal. At a decision step 122 a decision is made as to 
whether the pressure signal indicates that sensed pressure has reached or is 

10 below the threshold level. If the pressure is below the threshold the pressure 

signal counter is run at a step 124. Alternatively, if the pressure signal does not 
indicate that sensed pressure is not at the threshold at step 122, the pressure 
signal counter is reset at a step 126. From step 126 the controller also executes 
an alert and fml safe routine which will be later discussed. 

15 If the pressure signal indicates that sensed pressure is at or below the 

threshold level, "counts" are accrued in the pressure signal counter at step 124 
during each cycle of the microprocessor of the controller 64. At a step 128 a 
decision is made as to whether the number of counts in the pressure signal 
counting step has exceeded a number which corresponds to a set minimum. In 

20 this case the minimum corresponds to 1 millisecond. If so, this is indicative that 

the signal from the pressure detector is a bona fide indication of a pressure 
below the threshold^ and is not due to interference of other transient signal 
fluctuation. If the pressure signal count is not beyond the minimum, the time is 
counted to an exhalation counter at a step 130. 

25 If the pressure signal is found to be above the minimum time at step 128 the 

controller resets an alarm count at a step 132 which relates to the alert and fail 
safe routine which is later discussed. 
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If the pressure is at or below the threshold for more than the minimum 
period at step 128, the controller then proceeds as shown in Figure 8 to 
determine whether valve 72 has been closed for more than a minimum period. 
This is done at a step 134. In step 134 it is determined whether the valve has 
5 been in the closed position for a period which corresponds to at least 5 

milliseconds. If the valve has not been closed for at least this long the pressure 
signal counter is reset at a step 136. 

If the valve has been closed for more than the minimum period in step 134, 
the valve closed counter is reset at a step 138 and the controller next proceeds 

10 to a step 140. In step 140 a decision is made as to whether the counts which 

have accrued in the exhalation counter have exceeded a set minimum. If so, this 
is indicative that a genuine period of exhalation has occurred and that the 
patient is now ready to inhale. The determination that a bona fide exhalation 
cycle has been completed causes the controller to deliver oxygen to the patient 

1 5 through the cannula when the pressure again falls to the threshold level in a 

manner later discussed. If however the exhalation counter is currently at a level 
which is below the set minimum, this indicates that transient pressure variations 
are occurring and there has not been sufficient exhalation to represent an 
exhalation cycle. This condition causes the pressure signal counter to be reset 

20 at a step 142. 

If it is determined at step 140 that the exhalation counter is holding a count 
which is indicative that the patient has been exhaling for a sufficient period that 
an exhalation cycle has occurred, the exhalation counter is next reset at a step 
144. In response to this condition and the pressure remaining at or below the 

25 threshold level, the controller is also operative to output a signal to the drive 

amplifier 80 to open valve 72 at a step 146. 

In step 146 the controller is operative to open valve 72 for a period of time 
that is a function of both a time quantity and an input value set through the 
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input device, which input value is representative of a percentage between 30% 
and 80%. Thus, if the input device has an input value of 30%, the duration that 
valve 72 will be open in step 146 is 30% multiplied by a calculated time 
quantity. The time quantity is calculated in a manner hereinafter discussed and 
5 varies in accordance with the respiration rate and the.character of the inhalation 

cycles which the patient is currently experiencing. 

In opening the valve at step 146 the controller sends a signal to the drive 
amplifier 80 which causes a power signal to be transmitted to the solenoid 78 
of valve 72. This power signal is in the form of an overdrive signal which is at a 

10 voltage that produces twice the rated power of the solenoid. As shown in the 

graph in Figure 10, the overdrive signal is initially delivered continuously for a 
period of time sufficient to cause valve 72 to open. In the preferred form of the 
invention the rated voltage (VR) is exceeded to the extent that the overdrive 
signal is twice the rated voltage of the solenoid (2Vr), and the overdrive signal 

15 is initially delivered continuously for SO milliseconds to open the valve. 

After the valve has been opened by the initial overdrive signal, the controller 
operates to pulse vsadth modulate the drive signal. This pulse width modulated 
overdrive signal has a duty cycle sufiGcient to maintain the valve in the open 
condition. However the resultant reduction in power required to maintain the 

20 valve in the open condition extends battery life dramatically. In the preferred 

embodiment of the invention the pulse width modulation has a 50-50 duty cycle 
and a frequency of 2 Kilohertz. 

At a next step 148 a decision is made as to whether the low battery detector 
90 is indicating that the battery power source 86 is low. If the battery is not 

25 low, a green flash is given by the visual indicator 54 which includes the bi-color 

LED. This is done at a step 150. If the battery is low however, the controller 
operates to flash the bi-color LED red at a step 152. The flashing of the visual 
indicator each time the valve is opened provides an indication to the patient 
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that the device is working properly. The variation in the color of the indicator 
tells the patient when it is time to replace the batteries in the unit or to connect 
the converter 92 to an AC power source. This simple yet effective indication 
provides patient assurance that the unit is working properly. 
5 At a step 154 the controller is operative to run an inhalation counter. This 

inhalation counter provides a quantity which is indicative of a time that the 
sensed pressure has been continuously at or below the threshold level and 
which time has not been discarded by the logic of the program as interference 
or a short transient pressure fluctuation. The time period which corresponds to 
10 the counts accrued in the inhalation counter is then used at a step 154 to 

calculate a new stored time quantity at a step 156. The new" stored time 
quantity will be used in the next inhalation cycle as part of the calculation by 
the controller that determines the duration that oxygen will be delivered to the 
patient at step 146, 

15 In the preferred form of the invention, the time quantity is calculated as a 

&nction of a quantity representative of the time in the most recent inhalation 
cycle that the sensed pressure was at or below the threshold level, as well as a 
stored value. In the preferred form of the invention the calculation at step 156 
gives greater weight to the duration of the most recent inhalation cycle of the 

20 patient in determining the new time quantity to be stored. 

The formula for calculating the new time quantity in the preferred 
embodiment of the invention is the following formula: 

(F+1) 

25 

wherein: 

T(N+i) is the new time quantity to be stored for use in calculating the 

duration of oxygen delivery in the next inhalation cycle 
F corresponds to a time weighing factor 
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(Pt) corresponds to the quantity determined in step 154 in the 

inhalation counter which represents a time that the sensed 
pressure was at or below the threshold level 
is the time quantity calculated for the immediately proceeding 
5 inhalation cycle 

In the preferred form of the invention the time weighing factor is set at 2. In 
this way a new time quantity is calculated in which the duration of the most 
recent inhalation cycle is weighted twice as heavily compared to the previously 
stored value in determining the time period that oxygen will be delivered to a 
10 patient the next time the patient inhales. 

Of course when the system is first started there is no prior respiration cycle 
fi-om which a time quantity can be calculated. Therefore during the initialization 
step the controller is operative to set the first time quantity to a value that 
corresponds to about 1.6 seconds. This corresponds to approximately a 15 
15 breaths per minute breathing rate However once the apparatus begins sensing 

the inhalation cycles of the patient, the time quantity rapidly adjusts to the 
particular respiration rate and inhalation cycles of the patient. 

The ability of the apparatus of the present invention to adjust the duration of 
the time quantity which affects the duration that oxygen is delivered to the 
20 patient is a fiindamental aspect of the present invention. This feature enables 

the patient to receive more oxygen automatically in accordance with changes in 
his respiration rate and duration of inhalation cycles. This prevents the patient 
fi-om becoming desaturated in his Sa02 level. The invention has been found to 
very closely approximate the therapeutic benefits in terms of maintaining SaOj 
25 level achieved with continuous oxygen flow at a prescribed rate. The fiizzy 

logic employed by the present invention also achieves this result while 
increasing the probability that oxygen is delivered during the respiration cycle 
at a time when it provides optimum therapeutic benefit. 
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After calculating a new time quantity for use in determining the duration of 
oxygen delivery in the next inhalation cycle, the controller operates to reset the 
inhalation counter at a step 158. The controller then operates to reset the 
pressure signal counter at a step 160. 
5 At a step 162 a decision is made as to whether the valve has closed. 

Generally as the period of inhalation will be greater than the time period that 
the valve is open, the valve will be closed at this step. If so, the valve closed 
counter is run at a step 164. As previously discussed in connection with step 
134, this counter is used as part of the fuzzy logic which increases the 

10 probability that the valve is only opened during actual patient inhalation cycles. 

The preferred embodiment of the present invention also includes an alerting 
and fail safe routine. These features are operative to alert the patient that the 
apparatus is not sensing the patient*s inhalation. This may result due to the 
cannula becoming displaced from the patient*s nasal passages. It could also 

1 5 result due to a blockage in the cannula, a kink in the tubing leading to the 

sensing passage or from other maUunctions. If such condition is detected, the 
preferred embodiment of the present invention alerts the patient so that the 
patient may take steps to adjust the cannula and again place the unit in proper 
operating condition. In accordance with the invention however, if after a period 

20 of time the unit is not sensing inhalation by the patient, then the controller 

operates to put the unit in a fail safe mode wherein the valve 72 is opened and 
oxygen is delivered continuously to the cannula. 

The alert and fail safe routine executed by the controller is schematically 
represented by the flow chart in Figure 9. From the step 126 in Figure 7 

25 wherein the pressure signal has not been found to be at or below the threshold, 

a step 166 is executed by the controller. In step 166 an alert counter is run 
which measures the quantity of counts indicative of the time since the sensed 
pressure from the cannula has been at the threshold level. At a step 168 a 
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determination is made as to whether more than a set elapsed time has occurred 
since nasal pressure was sensed at the threshold. In the embodiment of the 
invention shown this elapsed time is set at 16 seconds. 

It should be understood that the elapsed time period without sensing 
5 pressure at or below the threshold generally also corresponds to at least an 

equal time period having elapsed without valve 72 having opened to deliver 
oxygen to the patient. It should be appreciated while in the embodiment of the 
invention shown a time since negative pressure at the threshold is used as the 
measured quantity in step 168, in other embodiments the time since the valve 

10 was last open and could alternatively be increased for purposes .of determining 

when to alert a patient. 

At step 168 if more than the said elapsed time has not occurred since a 
pressure at or below the threshold level was sensed, the system continues. 
However if such an elapsed time has occurred the controller executes a step 

15 170. In step 170 the controller is operative to operate the visual and audio 

indicators 54 and 56 for a period of time intended to get the patient's attention. 
In a preferred embodiment of the invention the controller is operative in 
response to the execution of step 170 to flash the LED indicator on red and to 
sound the audio indicator continuously for 5 seconds. This is generally 

20 sufficient to alert the patient of a problem and enables them to adjust the 

cannula or to make other appropriate adjustment to the system. 

The controller next executes a step 172. At step 172 an alarm count is 
incremented by one. This count is operative to provide the number of times that 
the time period in step 168 has sequentially occurred without the device 

25 sensing the inhalation by the patient. Of course as previously discussed in 

connection with step 132, if the patient makes appropriate adjustments or 
begins breathing such that inhalation by the patient is sensed, the alarm count is 
reset to zero. 
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If the patient is not sensed as inhaling by the time the alarm count in step 
172 reaches a set level, the controller is operative to take action and cause the 
unit to go into a fail safe mode in which oxygen is delivered continuously to the 
patient. At a step 174 the current count in the counter that was incremented at 
5 step 172, is checked to see if it has reached a set level. In the embodiment 

shown the count is set at 10 which corresponds to 160 seconds. If the time 
period has not been reached, the steps are repeated until the patient is sensed as 
inhaling. 

If however the set level in step 174 is reached, the controller is operative to 

10 execute a step 176 which transmits a signal to drive amplifier 80 to open the 

valve and to maintain it in a continuous flow condition until the system senses 
patient inhalation or is reset. In addition it may be desirable in some 
embodiments as part of step 1 76 to have the controller flash the LED and/or to 
sound the audio indicator continuously to get the patient's attention. This can 

15 alternatively be done on a periodic basis, such as at 16 second intervals to 

conserve battery power. 

This feature is desirable from the standpoint that the fail safe mode will 
supply oxygen to the patient if a malfiinction has caused the unit to no longer 
to be able to sense the patient's inhalation cycles. However, if the patient has 

20 disconnected the cannula and set the unit aside, the visual and audio signals will 

remind the patient that oxygen is being wasted and the flow from the regulator 
30 on the oxygen supply 
28 should be turned oflF to conserve oxygen. 

A frindamental aspect of a preferred embodiment of the invention is that it is 

25 easy to operate. The patient has only the single manually actuated switch 52 to 

manipulate to control the unit. It should be remembered that the input device 
70 is preferably set by a medical technician or other qualified person to the 
physiological requirements of the patient. The switches which comprise the 
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input device are generally not modified by the patient in the preferred 
embodiment, as the input device is housed within the body of the unit 38. 

It should be noted that in other embodiments however, provisions may be 
made for the controller 68 to receive dynamically variable input values rather 
5 than the set values provided by input device 70. Such dynamically variable 

input values may be obtmned from other sensors which measure the patient's 
physiological factors which are used by computer programs operating within 
the controller to modify the duration of oxygen delivery. Such suitable sensors 
for determining physiological conditions may include a heart rate monitor, 

10 oximeter, breath flow rate sensor and/or combinations of these or other sensor 

signals which are found to be predictive of the patient's need for more or less 
supplemental oxygen. 

A further fundamental advantage of the preferred embodiment of the 
invention is that patients who are accustomed to using conventional continuous 

15 oxygen therapy should not accidentally place the unit in a condition which 

prevents the flow of supplemental oxygen. Rather the unit may be adjusted by 
the patient through the manually actuated switch 52 only between a condition 
where the device is operative in the conserve mode or a condition in which 
oxygen passes therethrough continuously at the prescribed rate, 

20 As graphically demonstrated in Figures 1 1 and 12, in a first position of 

switch 52 shown in Figure 1 1, valve 72 is enabled to open and close responsive 
to the delivery of electrical signals to solenoid 78. However, as shown in Figure 
12 when switch 52 is moved to the second switch position, a mechanical 
linkage is operative to mechanically move the valve components so that 

25 continuous flow is provided. In addition as previously discussed in connection 

with electrical switch 84, moving switch 52 to the second switch position 
shown in Figure 12 disconnects battery power to extend battery life. 
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The preferred embodiment of the present invention is operative to provide 
oxygen to the patient in a manner that is dynamically tailored to the patient's 
physiological needs. The device closely approximates the beneficial effects of 
continuous oxygen therapy while conserving the oxygen supply and extending 
5 the patient's ability to utilize a single portable oxygen source or a source having 

a smaller oxygen generating capacity. 

A further advantage of the present invention is that a person who is 
accustomed to conventional continuous flow oxygen therapy may readily adapt 
to using the apparatus of the present invention. It simply operates in either the 
10 continuous or conserve modes and is controlled through a single switch. It is 

easy to use by any patient who can manually manipulate the switch. In addition, 
the unit enables a patient to continue to use their existing oxygen supply type 
and regulator which minimizes the cost to the patient. Further, unlike devices 
which deliver high pressure pulses to the nasal passages of the patient, the 
15 apparatus of the preferred embodiment of the present invention is much more - 

comfortable for the patient to use for extended periods of time. 

Thus the new supplemental oxygen delivery apparatus and method of the 
present invention achieves the above stated objectives, eliminates diflSculties 
encountered in the use of prior devices and systems, solves problems and 
20 attains the desirable results described herein. 

In the foregoing description certain terms have been used for brevity, clarity 
and understanding. However no unnecessary limitations are to be implied 
therefrom because such terms are for descriptive purposes and are intended to 
be broadly construed. Moreover the descriptions and illustrations given herein 
25 are by way of examples arid the invention is not limited to the exact details 

shown or described. 

Further in the following claims any feature described as a means for 
performing a function shall be construed as encompassing any means capable of 
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performing the recited fiinction and shall not be deemed limited to the 
particular means shown herein performing the function or mere equivalents. 

Having described the features, discoveries and principles of the invention, 
the manner in which it is constructed, operated and utilized, and the advantages 
5 and useful results attained; the new and useful structures, devices, elements, 

arrangements, parts, combinations, systems, methods, equipment, operations 
and relationships are set forth in the appended claims. 
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CLAIMS 

I claim: 

1 . An apparatus for conserving oxygen being delivered from an oxygen 
supply to a patient comprising: 

5 a sensing passage fluidly connectable to a nasal passage of a patient, 

and a delivery passage separated from said sensing passage, wherein said 
delivery passage is fluidly connectable to the nasal passage of the patient; 

a valve, wherein said valve includes a valve inlet, wherein said valve 
inlet is fluidly connectable to an oxygen supply, and wherein said valve 

10 further includes a valve outlet, wherein said valve outlet is fluidly 

connectable to said delivery passage, and wherein said valve is selectively 
chemgeable between a first valve condition wherein said valve inlet and valve 
outlet are not in fluid communication, and a second valve condition wherein 
said valve inlet and valve outlet are in fluid communication; 

15 a pressure sensor, wherein said pressure sensor is in fluid 

communication with said sensing passage, and wherein said sensor is 
operative to sense a sensed pressure in said sensing passage; and 

a controller in operative connection with said pressure sensor and said 
valve, wherein said controller is operative to cause said valve to change 

20 from the first condition to the second condition responsive to said sensed 

pressure reaching a threshold level. 

2. The apparatus according to claim 1 and fijrther comprising a pressure 
signal generating apparatus, wherein said pressure signal generating apparatus 
generates pressure signals responsive to said sensed pressure, and wherein said 

25 controller is operative to execute a program^ and wherein said program is 

operative to cause said controller to change said valve from said first condition 
to said second condition responsive to said pressure signals. 
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3. The apparatus according to claim 2 wherein said program is operative 
to prevent said change in valve condition when said sensed pressure reaches 
said threshold level, responsive to a timed relationship among said pressure 
signals. 

5 4. The apparatus according to claim 3 wherein said timed relationship is a 

function of a quantity corresponding to an elapsed time since said sensed 
pressure last reached said threshold level. 

5. The apparatus according to claim 3 wherein said timed relationship 

is a function of a quantity corresponding to an elapsed time that said pressure 
10 signal has been above said threshold level. 

6. The apparatus according to claim 2 wherein said program includes 
fuzzy logic. 

7. The apparatus according to claim 1 wherein said controller is operative 
to maintain said valve in the second condition for a variable delivery period 

15 each time said valve changes from said first condition to said second condition. 

8. The apparatus according to claim 7. wherein said delivery period in a 
current inhalation cycle is calculated by said controller as a function of a 
quantity corresponding to a prior time interval, wherein s^d prior time interval 
corresponds to a time in said immediately proceeding inhalation cycle that said 

20 sensed pressure was at least as low as said threshold level. * 

9. The apparatus according to claim 8 wherein in calculating said function 
said quantity corresponding to said prior time interval is weighed more heavily 
than other time based parameters which comprise said function. 

10. The apparatus according to claim 7 and fiirther comprising 

25 an input device, wherein said input device accepts a variable input value, and 

wherein said controller calculates said delivery period as a function of said 
input value. 
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1 1 . The apparatus according to claim 10 wherein smd input device is 
manually changeable, and wherein said input value is variable responsive to 
manual changes to said input device. 

12. The apparatus according to claim 1 1 wherein said input value 

5 corresponds to a percentage set through said input device, whereby said 

percentage corresponds to the portion of each inhalation cycle during which 
oxygen is delivered to the patient. 

13. The apparatus according to claim 10 wherein said delivery period for a 
current inhalation cycle of a patient is calculated by said controller as a first 

10 function which includes a product of said variable input value and a time 

quantity, wherein said time quantity is calculated as a second fiinction of a prior 
time value corresponding to a time said sensed pressure was at least as low as 
said threshold level during an immediately proceeding inhalation cycle. 

14. The apparatus according to claim 13 wherein said time quantity is 
15 calculated 

generally in accordance with the following mathematical relation: 

T(N.i)- F(P,)-f T^ 
(F+1) 

wherein: 

20 T(N+i) corresponds to a time quantity for a next inhalation cycle 

F corresponds to a time weighing factor 

(Pi) corresponds to a time in a current inhalation cycle wherein sensed 

pressure is at least as low as the threshold level; and 
Tn is a time quantity calculated in accordance with the formula in the 
25 immediately proceeding inhalation cycle. 

15. The apparatus according to claim 14 wherein F is generally about 2. 

16. The apparatus according to claim 1 and further comprising a flow rate 
controlling regulator positioned fluidly intermediate of said oxygen supply and 
said valve inlet, and wherein said flow rate controlling regulator provides 
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oxygen flow at a prescribed rate for said patient, and wherein in the second 
condition of said valve oxygen flows from said valve outlet at said prescribed 
rate. 

17. The apparatus according to claim 16 wherein said regulator is a 
pressure compensated flow regulator. 

18. The apparatus according to claim 16 wherein said oxygen supply 
includes a bottle containing oxygen under pressure, and wherein said regulator 
is in supported connection with said bottle, and wherein said regulator further 
comprises a flow setting adjustment member, wherein adjustment of said 
member is operative to adjust said prescribed flow rate. 

19. The apparatus according to claim 1 and further comprising a visual 
indicator in operative connection with said controller, and wherein said visual ^ 
indicator is operative to provide a visual indication each time the valve changes 
to the second condition. 

20. The apparatus according to claim 19 arid further comprising a battery 
power source in operative connection with the visual indicator, and fiirther 
comprising a low. battery condition detection device in operative connection 
with the battery power source and the visual indicator, wherein said detection 
device is operative to detect a low battery condition, and wherein said visual 
indicator gives a first visual indication each time the valve changes to the 
second condition when the low battery condition is not detected, and a second 
visual indication when said low battery condition is detected. 

21 . The apparatus according to claim 20 wherein said first visual indication 
includes a display which includes a different color from said second visual 
indication. 

22. The apparatus according to claim I wherein said apparatus further 
includes a manual actuated switch, wherein said switch is manually movable 
between a first switch position and a second switch position, wherein said 
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manual switch is in operative connection with said valve, and wherein in the 
first switch position said valve is enabled to change responsive to said 
controller between said first and second valve conditions, and wherein in the 
second switch position said valve is continuously in the second condition. 
5 23 . The apparatus according to claim 22 wherein said manually actuated 

switch is in operative mechanical connection with said valve, and wherein in the 
second switch position said valve is mechanically maintained in the second 
valve condition. 

24. The apparatus according to claim 23 and further comprising an 
10 electrical switch in operative connection with said manually actuated switch, 

and wherein said electrical switch is in operative connection with said 
controller, and wherein in said first position of said manual switch said 
controller is enabled to change said condition of said valve responsive to 
electrical power supplied through said electrical switch. 
15 25. The apparatus according to claim 24 and fiirther comprising a battery 

power source,, wherein in said first manual switch position said battery power 
source is in operative connection with said valve through said electrical switch, 
and wherein in the second manual switch position said battery power source is 
operatively disconnected fi-om said valve. . , 

20 26. The apparatus according to claim 1 wherein said controller is operative 

responsive to an occurrence to maintain said valve continuously in the second 
condition, 

27. The apparatus according to claim 26 wherein said occurrence 
corresponds to said valve not being in the second valve condition for a time. 
25 28. The apparatus according to claim 26 wherein said occurrence 

corresponds to said sensed pressure not being at least as low as said threshold 
level for a time. 
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29. The apparatus according to claim 1 and further comprising an indicator 
in operative connection with said controller, and wherein said controller is 
operative to actuate said indicator to give an indication responsive to a first 
occurrence, wherein said occurrence corresponds to said sensed pressure not 

5 reaching said threshold level for a first time period. 

30. The apparatus according to claim 29 wherein said occurrence fiirther 
corresponds to said valve not having been in the second condition for said first 
time period. 

3 1 . The apparatus according to claim 30 wherein said indicator provides at 
10 least one of either a visual or audio indication. 

32. The a:pparatus according to clairh 29 wherein said controller is 
operative to cause said indication to be repeated responsive to a second 
occurrence, wherein said second occurrence corresponds to said sensed 
pressure not reaching said threshold level for a second time period, wherein 

15 said second time period is greater than said first time period. 

33. The apparatus according to claim 32 wherein said controller 

is operative to change -said valve to the second condition and maintain the 
valve in the second condition continuously responsive to a third occurrence, 
wherein said third occurrence corresponds to said sensed pressure not reaching 
20 said threshold level for a third time period^ wherein said third time period is 

greater than said first time period. 

34. The apparatus according to claim 1 and fiirther comprising a dual 
cannula, wherein said dual cannula extends in the nasal passage of the patient, 
and wherein said sensing passage and said delivery passage are in continuous 

25 fluid connection with said nasal passage through said dual cannula at all times 

throughout the respiration cycle of the patient. 

35. The apparatus according to claim 1 and fiirther comprising a power 
source, and wherein said valve . comprises a solenoid wherein said solenoid has 
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a power rating, and wherein said controller is operative to cause power from 
said power source to be delivered to said solenoid to change said valve from 
said first condition to said second condition, and wherein to change said valve 
from the first condition to the second condition said controller is operative to 
5 cause a power signal to be delivered to said solenoid at a level above said 

power rating. 

36. The apparatus according to claim 35 wherein after said 

valve is changed to the second condition said controller is operative to mamtain 
said valve in the second condition by pulse width modulation of the power 
10 signal. 

37. The apparatus according to claim 36 wherein said power source 
comprises a battery, whereby said pulse width modulation of said power signal 
extends battery life. 

38. A method for delivermg supplemental oxygen to a patient from a supply 
15 while conserving said supply, comprising the steps of: 

providing oxygen from a supply to an inlet of a conserving apparatus; 

sensing with a pressure sensor in the conserving apparatus when a 
sensed pressure corresponding to a nasal pressure in a nasal passage of a 
patient, reaches a threshold level; 
20 delivering oxygen from an outlet from said conserving apparatus to the 

nasal passage of the patient for a delivery period responsive to the sensed 
pressure reaching the threshold level. 

39. The method according to claim 38 and fijrther comprising the step of 
controlling with a controller in the conserving apparatus the institution of the 

25 delivery step. 

40. The method according to claim 39 wherein said controlling 

step includes, determination of a quantity corresponding to an elapsed time 
since said sensed pressure reached the threshold level. 
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41. The method according to claim 39 wherein said controlling step 
includes determination of a quantity corresponding to an elapsed time said 
sensed pressure has been above said threshold level, 

42. The method according to claim 39 wherein said controlling step 

5 includes determination of a quantity corresponding to an elapsed time since 

oxygen was last delivered from said outlet, 

43. The method according to claim 39 wherein said controlling step 
includes execution of a fiizzy logic program. 

44. The method according to claim 38 and further comprising prior to said 
10 delivering step, the step of calculating the delivery period with a controller. 

45. The method according to claim 44 wherein said delivery period is 
calculated as a function of a first quantity corresponding to a time said sensed ^ 
pressure was at least as low as said threshold level during an inhalation cycle of 
the patient immediately proceeding a current inhalation cycle. 

1 5 46. The method according to claim 44 and further comprising prior to said 

delivering step, the step of inputting into an input device of said conservation 
apparatus a variable input value, and whereiii said delivery period is calculated 
as a function of a quantity corresponding -to said variable input value. 

47. The method according to claim 45 and prior to said delivering step 

20 further comprising the step of inputting to an input device in said conservation 

apparatus a variable input value, and wherein said delivery period is calculated 
as a function of both said first quantity and a second quantity corresponding to 
said variable input value. 

48. The method according to claim 38 wherein said providing step 

25 comprises setting a flow rate from said supply at a prescribed flow rate by 

adjusting a regulator in fluid cormection with said oxygen supply. 

49. The method according to claim 38 and after said providing step further 
comprising the step of manually settmg a manually actuated switch in 
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connection with the conserving apparatus, wherein subsequent to setting said 
switch to a first switch position said sensing and delivery steps are executed, 
and wherein subsequent to setting said switch to a second switch position 
oxygen continuously flows from said outlet of said conserving device. 
5 50. The method according to claim 49 wherein said delivering 

step includes opening a valve, and wherein the step of moving said manual 
switch includes mechanically engaging said svwtch aiid said valve to open said 
valve. 

5 1 . The method according to claim 38 wherein said conserving apparatus 
10 farther comprises a battery power source, and farther comprising a low battery 

condition detecting device in operative cormection with said battery power 
source and an indicator device, and wherein said method farther comprises the 
step of providing an indication with said indicator device each time said 
delivery step is executed, and giving with said indicator a first indication when 
15 a low battery condition is detected, and giving a second indication when a low 

battery condition is not detected. 

52. The method according to claim 38 wherein said delivering step 
comprises opening a solenoid valve, wherein delivery of oxygen occurs when 
said valve is open, and wherein said valve includes a solenoid having a power 

20 rating, and wherein said opening step comprises delivering a power signal 

above said power rating. 

53. The method according to claim 52 wherein said delivering step farther 
comprises after said opening step, the step of holding said valve open for said 
delivery period, and wherein said holding open step includes the step of pulse 

25 width modulating said power signal. 

54. The method according to clmm 38 and wherein said conserving 
apparatus comprises an indicator, and prior to said delivering step farther 
comprising the steps of measuring a quantity corresponding to an elapsed time 
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since said sensed pressure reached said threshold level, and giving an indication 
with said indicator when said quantity reaches an amount, whereby said 
indication is given when a time period has elapsed without said sensed pressure 
having reached said threshold level. 
5 55. The method according to claim 38 and prior to said delivering step 

further comprising the step of measuring a quantity corresponding to an 
elapsed time since said sensed pressure reached said threshold level and 
delivering oxygen continuously from said outlet when said quantity reaches an 
amount, whereby oxygen is delivered continuously when a time period has 
10 elapsed without said sensed pressure having reached said threshold level. 
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